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(54) METHOD AND APPARATUS FOR DETERMINING OPERATION BALANCE OF MACHINES 



(57) A method and device to automatically deter- 
mine the operation balance of processing/assembly 
machines such as NC machine tools. The device 
detects the machine operations related to income and 
expenditure as income/expenditure data and stores the 
income and expenditure amounts in a memory based 
on the detected income/expenditure data and calcu- 
lates the income/expenditure balance of the individual 
machines for an arbitrary period based on the stored 
income and expenditure amounts. In the NC machine 
tool, the operations related to the income and expendi- 
ture can be detected while monitoring the execution sta- 
tuses of the NC program. By calculating the 
income/expenditure amounts with multiplication of such 
operations by the predetermined unit prices of income 
or expenditure and subtracting the expenditure amount 
from the income amount, the operation balance of the 
machine for each cycle or every week or month can be 
determined. 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a method and device for determining the operation balance of machines, 
and more particularly to a method and device which can determine the operation balance of NC machine tools, individ- 
ually and for any arbitrary period, by monitoring and analyzing the actual processing status of such machine tools. 

BACKGROUND ART 

10 

[0002] For processing or assembly of parts, specific machine tools or assembly machines are installed in various 
production facilities. According to the general plant management method conventionally adopted, initial costs including 
purchase prices and installation cost, as well as maintenance costs, are calculated as expenditure for individual 
machines and the share of their costs are assumed in the profit of the entire production organization. 
15 [0003] However, it is simply not possible to correctly determine the contribution of individual machines by such 
rough assumption in conventional practices. For plant managers or top management, correctly understanding the oper- 
ation balance of an individual machine has been an important problem. 

[0004] In general, the operation balance of a machine can be determined by subtracting the maintenance/manage- 
ment costs for the machine including machine management costs, personnel expenses and depreciation costs from its 
20 profit. However, it has been impossible to continuously and automatically monitor the income and expenditure related 
to particular individual machines in conventional business. In particular, in light of the labor required for calculation, it is 
not realistic to calculate costs of consumables, such as tools and power rates, corresponding to the operation status of 
each machine. 

[0005] An example of such machines is a machine tool controlled by a numerically controlled (NC) program. Many 
25 NC machine tools are used in various processing sites. It is well known that, in a CNC machine tool, a CNC device ana- 
lyzes the program usually known as NC statements and controls the feed motor. A PLC (Programmable Logic Control- 
ler) device typically incorporated in a CNC device analyzes the program and simultaneously controls the spindle motor 
and mechanical sections of tool changer, workpiece changer or coolant device. In addition, it is known that some CNC 
machine tools incorporate an automatic programming device to automatically generate the NC statements and to send 
30 codes other than NC statements to the CNC device and the PLC device. The CNC or PLC device displays the operation 
hours and counts the number of processed workpieces as additional information when the above controls are executed. 
[0006] However, even such advanced conventional CNC devices cannot calculate the balance between income 
and expenditure to grasp the operation status. The machine user remains unable to learn how a specific machine con- 
tributes to the balance on a real time basis. 

35 

DISCLOSURE OF THE INVENTION 

[0007] The present invention develops the operation time indication or processed workpiece counting used in the 
conventional CNC devices as described above, detects machine operation statuses as operations related to income 
40 and expenditure of the machine by monitoring and analyzing the NC program execution statuses, and calculates the 
operation balance using them. As a result, the profit ratio of the machine over any arbitrary period can be determined 
making it possible to more effectively use the machine. 

[0008] For this purpose, the present invention is characterized in that it detects income/expenditure-related 
machine operations as income/expenditure data, stores income/expenditure amounts in the memory based on the 
45 detected income/expenditure data, and, based on such stored income/expenditure amounts, calculates the 
income/expenditure balance of the individual machine over any arbitrary period. 

[0009] Further, it may be useful to adopt machine tools controlled according to NC programs as such machines. By 
monitoring the NC program execution statuses, the operations related to income/expenditure of the machine tools can 
be detected as the income/expenditure data. In the present invention, income/expenditure data refers to the data 
so obtained by detection of operations related to income/expenditure where income and expenditure are actually gener- 
ated in each individual machine tool. In the case of NC machine tools, such data are detected from execution statuses 
of the NC program. 

[0010] To determine the income/expenditure amounts from the income/expenditure data, the sales price of the 
processed product and the expenditure such as the material unit price and personnel expense unit price stored in 
55 advance in the income/expenditure price registration unit may be used. The income/expenditure balance data can be 
stored in the memory along with the date and time when such operation balance occurs. It may further be preferable to 
add the attribute information required to identify the type of the operation balance to the income/expenditure amounts 
stored in the memory. 
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[0011] In the present invention, the income/expenditure calculation is made for an arbitrary period basically by the 
operation to subtract the total expenditure from the total income. The arbitrarily selected period may be selected from 
predetermined periods, such as every week or every month. The income/expenditure calculation results for the individ- 
ual periods are displayed on a display unit. 

5 [0012] The operation balance items in the present invention preferably include the sales income and miscellaneous 
income as income items and expenditure items such as material costs, personnel expenses, power rates, depreciation 
costs, tool consumption costs, coolant/lubrication oil costs, maintenance charges, and miscellaneous costs. 
[0013] In a method and device in which the present invention is applied, the machine for operation balance calcu- 
lation may be a single unit, or may be several devices connected via network. The method to calculate the operation 

w balance can be described as computer programs, which can be incorporated into CNC software or PLC software as 
applications for CNC device or can be incorporated to the personal computer section of open CNC. 
[0014] When several machines are connected via a network as referenced to above, operation balances of various 
processes can be displayed and checked on a single computer by incorporating the operation balance calculation pro- 
gram into a PC connected to the network. This can be useful for control of machines, as well as monitoring and analysis 

15 of contribution ratios of the machines. 

[0015] Referring to the attached drawings, preferred embodiments of the present invention will be described in 
detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

[0016] 

Fig. 1 is a schematic configuration diagram showing a preferred embodiment illustrating a method and device to 
determine the operation balance of a machine according to the present invention; 
25 Fig. 2 is a chart showing income and expenditure items in an embodiment according to the present invention; and 

Fig. 3 is a chart showing a specific example of income/expenditure data and income/expenditure amounts used in 
an embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

30 

[0017] Fig. 1 shows a preferred embodiment where a method and device to determine the operation balance 
according to the present invention are applied to an NC machine tool. In the figure, a plurality of NC machine tools 10 
are connected via network. Each machine tool is controlled by an NC device 12 having a PLC device inside. To each of 
the NC devices 12, an NC program suitable for processing by the applicable machine tool 10 is supplied. Using the NC 

35 program, the machine tool 10 executes a predetermined processing operation. 

[0018] The present invention is characterized in that a device 20 to determine the operation balance is connected 
to the above network. The device 20 comprises an income/expenditure-related operation detection unit 22 which col- 
lects information about the NC program execution status in each NC device 12 from the network, detects the 
income/expenditure-related operations as income/expenditure data, and supplies the data to an income/expenditure 

40 data storage unit 24. A mode switching signal is supplied to the income/expenditure-related operation detection unit 22, 
so that the detection unit 22 can determine whether the machine tool 10 is conducting test operation or actual process- 
ing operation and invalidates the income/expenditure data detection in case of test operation. A manual input signal can 
also be supplied to the detection unit 22 so that income/expenditure-related operations which cannot be detected from 
the NC or PLC device can be manually input. 

45 [0019] Individual unit prices for income and expenditure are supplied from an income/expenditure price registration 
unit 26 to the income/expenditure data storage unit 24. The storage unit 24 calculates the actual income/expenditure 
amounts using the income/expenditure data and the unit prices in the registration unit 26 and stores them into a mem- 
ory 28. The income/expenditure data storage unit 24 is also connected to a clock unit 30 so that the date and time when 
each income or expenditure item is generated can be stored in the memory 28 together with the income/expenditure 

so amount. 

[0020] The income/expenditure amounts in the memory 28 can be arbitrarily read out to an income/expenditure cal- 
culation unit 32. The income/expenditure calculation unit 32 calculates the income/expenditure amounts read from the 
memory 28 as data for an arbitrary period and, by subtracting the expenditure from the income, calculates the operation 
balance result for the arbitrary period and displays it on a display unit 34. 
55 [0021] According to the present invention, the operation balance contains the income and the expenditure. Fig. 2 
shows preferable income and expenditure items for the NC machine tool. As can be understood from the figure, two 
types of income items are recognized: sales income and miscellaneous income. The expenditure items include material 
costs, personnel expenses, power rates, depreciation costs, tool consumption costs, coolant/lubrication oil costs, main- 
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tenance charges and miscellaneous costs. 

[0022] The operation balance is explained below separately for the income and the expenditure. 
1 . Income of the machine 

5 

(1 ) Sales income by parts 

[0023] The NC machine tool processes the material to produce parts. The parts may be sold directly as products, 
may be processed in the next processing process by another NC machine tool, or may be sent to the assembly process 
w and incorporated into a product. It is assumed here that the price of the part produced by the applicable NC machine 
tool is determined by a process or processing machine. 

Income/expenditure detection means 

Completion of part processing is usually detected by M function (M02 or M30) at the program end in NC state- 
rs ments. When the program end instruction is executed, the CNC device (or PLC device) stops the machine. Until 
the signal for processing start is input (usually an activation button is pressed) next time, the stopped status is main- 
tained. In the case of a machine where the finished processed parts are automatically removed and materials are 
supplied, the program end execution may be omitted. In such a case, NC statements are often provided at the end 
with M function (commonly M99) instruction for return to the beginning of the program and for program execution 
20 so that the program is repeated. If the M code at the program end is omitted, the M code for workpiece processing 
completion is set in the parameter and it is assumed that one workpiece having the applicable program No. is com- 
pleted when such M code is given as instruction. In the case of a system with a measuring instrument in the 
machine, the NC program can judge whether or not the measurement results are acceptable. The M code for defect 
detection is decided in advance so that any defect occurrence can be checked by the detection means. If the auto- 
25 matic measuring device is installed outside of the machine, it is designed to apply a defective product mark via I/O 
of the PLC. To reflect defect judgment for the workpiece according to manual measurement, "Good" and "No Good" 
marks can be changed by manual setting from the CNC input device. Considering a case where sale of the prod- 
ucts is halted because of test results, the system is provided with a means for selecting test or operation mode. In 
the test mode, part sales profits are not calculated. 
30 - Income/expenditure registration means 

This enables registration of sales prices by program No. Even if the part is not directly sold as a product, it is 
necessary to register a tentative sales price. 
Income/expenditure storage means 

Upon detection of processing completion by the detection means, data with the following attributes are stored 
35 for each item. 

(3) Processing completion date (Date and time) 
@ Program No. 

(3) Defective product flag (Workpiece with this flag is counted for material expenditure only. It is not counted for 
40 income.) 

@ Workpiece sales price 

(2) Miscellaneous income 

45 [0024] Any amount to be counted other than the usual income by sales of workpieces can be added to the income 
by setting from the NC input device. For example, when the parts judged defective in the measurement process are sold 
as materials, the income is registered as miscellaneous income. 

Income/expenditure detection means 
so This is for manual setting of any income other than processing charge. 

Income/expenditure registration means 
None 

Income/expenditure storage means 

Income data is stored every time any setting is provided. Attributes are as follows: 

55 

® Date and time (This item is automatically set in the input process. It can be corrected manually). 
<2> Description 
(3) Cost 
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2. Expenditure 

(1) Material cost 

5 [0025] The NC machine tool processes the material to manufacture parts. Material cost here refers to the price of 
the article before processing. If the material is processed by another machine in the previous process, it is necessary 
to set the price including the cost of such processing. This cost is counted as an expenditure every time one piece is 
input. 

w - Income/expenditure detection means 

It is assumed that the material cost is incurred when the program starts. The PLC usually conducts the cycle 
start processing and notifies the CNC of the program start. The detection means detects such notification signal. 
The NC device has single block and temporary stop functions and, when these operations are executed, conducts 
several cycle start processes for single processing. Even in this case, it is necessary to count only one of them, and 
15 the start of the program must be detected. A predetermined M code may be instructed at the beginning of the pro- 
gram so that it can be used as detection means. In test mode, the material may or may not be consumed and it is 
difficult for the system to distinguish these two cases. Therefore, material expenditure is not counted. 
Income/expenditure registration means 

Material cost is set for each program number. 
20 - Income/expenditure storage means 

Data is stored every time one piece of material is input. Attributes are as follows: 

0 Date of processing start (Date, hours, and min.) 
<2> Program No. 

25 

(2) Personnel expenses 

[0026] Although the NC machine tool automatically executes processing, an operator is needed to supply materi- 
als, take out parts, change tools, and perform other actions for maintaining the machine operation. The operator con- 
30 trols several machines in most cases and it is difficult for the system to detect when the operator is engaged in operation 
of a particular machine. For detection of engagement with a machine, it is possible to have the operator make operation 
as such. Here, however, the expected personnel expenses for machine operation per unit hour is set in advance. The 
personnel expenses are determined by multiplying such unit cost by the operation time. 

35 - Income/expenditure detection means 

Time while the CNC power is on is used as the time of operator's engagement with the machine. Because the 
CNC has a clock, the CNC calculates such time by detecting the power-on and power-off. In the case of a CNC 
device without a power shutdown process (the system for which the power is turned off after execution of process- 
ing required for shutdown), it may be difficult to detect and store the shutdown time. It is also acceptable that the 

40 time be continuously counted while the power is on. 
Income/expenditure registration means 

The personnel expense per unit time is manually set. If an operator is working for several machines at a time, 
it should be taken into consideration. 
Income/expenditure storage means 

45 The cost should be calculated and stored by multiplying the time from power-on to power-off by the personnel 

expense per unit time. Attributes are as follows: 

(3) Power-on date and time 
@ Power-off date and time 
so (3) Cost (Time x Personnel expense per unit time) 

(3) Electricity charge 

[0027] The NC machine tool converts the electrical energy into kinetic energy through an actuator such as a motor, 
55 so as to achieve spindle rotation and axis motion required for processing. This provides a means for calculating the 
charge for such electricity. An integrating wattmeter is mounted on the power supply so that its output is monitored by 
the CNC. The amount obtained by multiplying the integrated power by the cost per unit power is the electricity charge. 
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Income/expenditure detection means 

With checking the output from the wattmeter using the I/O of the PLC, power consumption is counted. In gen- 
eral, most wattmeters have pulse output per unit time. Every time such output appears, the data is recorded on the 
storage means below. 
5 - Income/expenditure registration means 

This sets the electricity charge per unit power. 

Setting of several charges (including the electricity charge at night) is available. Time zone for each charge can 
be also set. 

Income/expenditure storage means 
10 Data with the following attributes are stored when output from the wattmeter is detected. 

(3) Year, month, day, and time 
@ Electricity charge 

15 (4) Depreciation cost 

[0028] Depreciation cost of the facilities is counted. Since the period for depreciation is fixed in many cases, the 
depreciation cost can be easily counted with using the clock function of the CNC just by registering the cost for a certain 
time unit. 

20 

Income/expenditure detection means 

Depreciation cost per day is detected every day. 
Income/expenditure registration means 

Depreciation cost is manually set for a certain time unit. 
25 - Income/expenditure storage means 

Depreciation cost is counted every day. 

It is counted when the machine operation is started. Attributes are as follows: 
<3) Date 

30 @ Depreciation cost 

(5) Tool consumption cost 

[0029] The tool consumption cost is calculated using the tool life management function prepared in the NC. The tool 
35 life management function is to change the tool with a spare when the utilization hours or times reach the predetermined 
life or to skip the current tool and proceed to the next one when any tool failure is detected during automatic measure- 
ment. This function is incorporated in the conventional CNC. Using this function, the tool consumption cost is counted. 

Income/expenditure detection means 
40 Every time a tool is skipped or tool life is reached, it is detected as the tool consumption. 

Income/expenditure registration means 

The tool life management function takes the same type of tools as a group for spare tool change. By registering 

the tool cost for each group, the cost of tool change can be counted. 

Income/expenditure storage means 
45 Data with the following attributes are stored every time a tool is skipped or tool life is reached. 

® Date, hours, and min. of tool change (when tool life is reached or when tool is skipped) 
<2) Tool group No. 
(3) Tool unit price 

50 

(6) Coolant/lubrication oil counting 

[0030] Consumption costs for coolant and lubrication oil are counted. Because it would be troublesome to have the 
operator strictly set the amount and times of oil change, the amount is counted by multiplying the cost per unit time by 
55 the time. 

Income/expenditure detection means 

Lubrication oil is generally applied for every certain unit time during operation. Therefore, operation time is 
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counted. Coolant is generally circulated and collected and changed at certain intervals. It can be set from the 
screen at the time of change or can be supposed from coolant utilization time by counting the coolant pump oper- 
ation time so as to save the labor of setting. As the coolant pump operation time, the output from the PLC controlling 
the pump is used. By counting the coolant utilization time, it becomes possible to inform the operator of rough 
5 change timing. The coolant consumption cost is calculated in respective cases by multiplying the unit time cost by 

the time. 

Income/expenditure registration means 

Consumption costs per unit time for lubrication oil and coolant are registered. 
Income/expenditure storage means 
10 Data having the following attributes are stored for every unit time. 

0 Date, hours, and min. 

0 Consumption cost of coolant or lubrication oil 
is (7) Maintenance charge 

[0031] In the event of machine failure or periodic inspection, maintenance cost is required. Means for counting such 
cost as expenditure is provided. 

20 - Income/expenditure detection means 

When the maintenance is conducted, a serviceman sets the maintenance cost. 
Income/expenditure registration means 
None 

Income/expenditure storage means 
25 Upon completion of service, the following data are set and stored into the CNC. 

0 Date and time of work completion 
@ Amount 
® Company name 
30 @ Work contents 

(8) Miscellaneous cost 

[0032] Any cost other than above can be added to the expenditure by manual setting. This includes, for example, 
35 purchase costs of jigs and tool holders. 

Income/expenditure detection means 

For any expenditure not listed as an item, manual setting is applied. 
Income/expenditure registration means 
40 None 

Income/expenditure storage means 

Expenditure data is stored for every setting. Attributes are as follows: 

(3) Date and time (automatically set at input and can be manually corrected) 
45 <2> Description 

3. Storage data example 

[0033] Fig. 3 shows an image of the income/expenditure data stored in the NC as described above. 

50 

4. Execution of calculation 

[0034] These data are calculated to sum up as follows: 

55 (1) Operation 

Press the income/expenditure calculation button. 
Input password. 
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Input the period for profit calculation. 

Profit can be calculated not only by period, but also by workpiece. For the latter case, input the program No. in 
addition to the period. When this item is blank, calculation is made for all workpieces. 

5 (2) Processing of profit calculation application 

Income 

Among the data applicable to the set period, the income amounts are extracted by the application. Their 
total is assumed to be the income for the period. 
10 - Expenditure 

Among the data applicable to the set period, the expenditure amounts are extracted by the application. 
Their total is assumed to be the expenditure for the period. 

When any program No. is designated, expenditure per unit time for personnel expenses or the like is cal- 
culated using the following formula. 

15 

Cost of applicable workpiece = (Program operation time for the 
applicable workpiece during the period / All program operation 
time during the period) x Expenditure amounts during the period 

20 

[0035] To display the profit, it is calculated by applying the following formula to the cost determined as above: 

Profit during the period = Total income - Total expenditure 

25 5. Effect 

[0036] With the present invention, the profit status of the machines can be easily grasped to facilitate distinction 
between the efficient machines and those with poor efficiency. By executing the profit calculation for each workpiece, 
those with a high profit ratio and those with a poor ratio can be distinguished. Detailed records of operation statuses 
30 facilitate calculation of the operation ratio. 

INDUSTRIAL APPLICABILITY 

[0037] Although an NC machine tool is used as an example in the embodiment described above, the method and 
35 device to determine the operation balance according to the present invention can be applied not only to NC machine 
tools, but also to any other production or assembly machines. By detecting the operations related to income and 
expenditure for each machine, the operation balance for a predetermined period can be automatically determined 
according to the present invention, which enables appropriate control of the machines in use and facilitates determina- 
tion of their contribution ratios. 

40 

Claims 

1. A method for determining the operation balance of a machine, comprising the steps of: 

45 an income/expenditure-related operation detection step for detecting income/expenditure-related operations of 

the machine as income/expenditure data; 

an income/expenditure data storage step for storing the income/expenditure amounts in a memory based on 
the detected income/expenditure data; and 

an income/expenditure calculation step for calculating the income/expenditure balance of individual machines 
so for any arbitrary period based on the stored income/expenditure amounts. 

2. A device for determining the operation balance of the machine, comprising: 

an income/expenditure-related operation detection unit for detecting income/expenditure-related operations of 
55 the machine as income/expenditure data; 

an income/expenditure data storage unit for storing the income/expenditure amounts in a memory based on 
the detected income/expenditure data; and 

an income/expenditure calculation unit for calculating the income/expenditure balance of individual machines 
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for any arbitrary period based on the stored income/expenditure amounts. 

3. A method for determining the machine operation balance in a machine tool controlled according to an NC program, 
comprising the steps of: 

5 

an income/expenditure-related operation detection step for monitoring the execution status of the NC program 
and detecting the income/expenditure-related operations of the machine as the income/expenditure data; 
an income/expenditure data storage step for storing the income/expenditure amounts in a memory based on 
the detected income/expenditure data; and 
10 an income/expenditure calculation step for calculating the income/expenditure balance of individual machines 

for any arbitrary period based on the stored income/expenditure amounts. 

4. A device for determining the machine operation balance in a machine tool controlled according to an NC program, 
comprising: 

15 

an income/expenditure-related operation detection unit for monitoring the execution status of the NC program 
and detecting the income/expenditure-related operations of the machine as the income/expenditure data; 
an income/expenditure data storage unit for storing the income/expenditure amounts in a memory based on 
the detected income/expenditure data; and 
20 an income/expenditure calculation unit for calculating the income/expenditure balance of individual machines 

for any arbitrary period based on the stored income/expenditure amounts. 

5. The device for determining the operation balance of the machine according to claim 2 or 4, wherein the 
income/expenditure data storage unit is connected to an income/expenditure price registration unit for supplying 

25 the amounts for income/expenditure-related operations. 

6. The device to determine the operation balance of the machine according to any one of claims 2, 4, and 5, wherein 
a mode-switching signal is supplied to the income/expenditure-related operation detection unit to distinguish 
between a machine test mode and a machine operation mode, and the detection operation is disabled in the test 

30 mode. 

7. The device for determining the operation balance of the machine according to any one of claims 2, 4, 5, and 6, 
wherein a manual input signal is supplied to the income/expenditure- related operation detection unit to manually 
detect certain operations. 

35 

8. The device for determining the operation balance of the machine according to any one of claims 2, 4, 5, 6, and 7, 
wherein the income/expenditure data storage unit is connected to a clock unit, and can record in the memory the 
date and time when the operation income/expenditure items occur. 

40 9. The method for determining the operation balance of the machine according to claim 3, wherein the operation bal- 
ance comprises an income item including a sales income and an expenditure item including material costs, person- 
nel expenses, electricity rates, depreciation costs, tool consumption costs, coolant/lubrication oil costs, and 
maintenance charges. 

45 10. The method for determining the operation balance of the machine according to any one of claims 1, 3, and 9, 
wherein intonation showing the attributes of the income/expenditure-related operations is added to the stored 
income/expenditure data. 



50 
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Fig. 1 
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